ハミルトン系における繰り込み群方程式の正準性 (離散可積分系の応用数理) by 山口, 義幸
Titleハミルトン系における繰り込み群方程式の正準性 (離散可積分系の応用数理)
Author(s)山口, 義幸



















$*$ ( $\mathrm{C}\mathrm{G}$ )
1098 1999 42-69 42
12
$[1, 2]$ $[3, 4]$ $1/f$
2




























$q(t;t_{0}, B, C)=B \cos t+C\sin t+\frac{\epsilon}{2}(t-t_{0})(C\cos t-B\mathrm{s}i\mathrm{n}t)$














(7) $B$ , c.












$H(p,$ $q)= \frac{1}{2}(p^{22}1^{+p_{2}}+q_{1^{+q_{2}^{2})}}^{2}+\epsilon V(q1,$ $q_{2})$ (11)
45
$\epsilon$ $V(q_{1}, q2)$ 3 4
o $q_{1)}q_{2}$
$q_{jj}^{(0)}=Bj\cos t+C\sin t$ (12)
$0$ $B_{j},$ $C_{j}$
$\epsilon$ second leading order
$\Leftrightarrow$ $(q_{1}, q_{2})$ \mbox{\boldmath $\phi$}
$\epsilon$
$\epsilon$ second leading order $O(\epsilon^{4})$
1 - 2
2 [17]













$H(I, \theta)=H_{0}(I)+\epsilon V(I, \theta)$ (14)
46
$H_{0}(I)= \sum_{1k=}\omega_{k}Ik$ (15)








$n=(n_{1},$ $n_{2},$ $\ldots,$ $n_{N})$ (19)
(14)
$I_{j}=- \frac{\partial H}{\partial\theta_{j}}=-\epsilon\frac{\partial V}{\partial\theta_{j}}$
(20)






















$\theta_{j}^{(1)}.=\frac{\partial V}{\partial I_{j}}(I^{(0)}, \theta(0))=\sum_{n}\frac{\partial\hat{V}_{n}}{\partial I_{j}}e^{in\cdot\theta^{(0)}}$ (25)
$I_{i}(1)$ $=$ – $\sum$ $in_{j}V_{n}e^{i}\wedge n\cdot\beta$ $t$ – $\sum$
$.\underline{\iota n_{j}}V_{n}e^{in\cdot\theta}\wedge(0)$ (26)













: $n\cdot\omega=0$ n (28)
$. \sum_{n.\mathrm{N}\mathrm{o}\mathrm{n}}$





$=- \sum_{k=1}^{N}\sum n[in_{j^{\frac{\partial\hat{V}_{n}}{\partial I_{k}}}}I_{k}(1)+in_{j]}in_{k}\hat{V}_{n}\theta_{k}(1)e^{in\cdot\theta^{(0})}$ (30)
$\theta_{j}^{(2)}.=\sum_{k=1}^{N}[\frac{\partial^{2}V}{\partial I_{k}\partial I_{j}}I_{k}^{()}+1\frac{\partial^{2}V}{\partial\theta_{k}\partial I_{j}}\theta(1)]k$
$= \sum_{k=1}^{N}\sum n[\frac{\partial^{2}\hat{V}_{n}}{\partial I_{k}\partial I_{j}}I_{k}^{(1)}.+in_{k}\frac{\partial\hat{V}_{n}}{\partial I_{j}}\theta^{(}k1)]e^{in\cdot\theta^{(0})}$ (31)
$I_{k}^{(1)}ein \cdot\theta^{(}0)=-.\sum_{m\cdot{\rm Res}}imk\hat{V}meteim\cdot\beta in\cdot\theta(0)$
$-. \sum_{m\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\frac{im_{k}}{im\cdot\omega}\hat{V}_{m}ei(m+n)\cdot\theta^{(0})$ (32)
$\theta_{k}^{(1)}ein\cdot\theta^{(}0)=.\sum_{m.{\rm Res}}\frac{\partial\hat{V}_{m}}{\partial I_{k}}e^{im}.t\beta e^{i}\theta^{(}n\cdot 0)$
$+ \sum_{\kappa\tau}\frac{1}{im\cdot\omega}\frac{\partial\hat{V}_{m}}{\partial I_{k}}e^{i(m+}n)\cdot\theta^{(0})$
$m\cdot.\mathrm{N}\mathrm{o}\mathrm{n}\geq\overline{im}-.?\omega^{\frac{\vee\vee\prime\prime b}{\partial I_{k}}}e(m+n)\cdot\sigma\backslash ^{\cup}/$
(33)
49
$\sum_{n}\int dtI_{k}e^{in}(1).\theta^{(}0)=-.\sum_{n\cdot{\rm Res}}.\sum_{m\cdot{\rm Res}}im_{k}\hat{V}_{m}e^{i(m+}n)\cdot\beta\frac{t^{2}}{2}$
$- \sum_{m+n\cdot{\rm Res} m}.\cdot.\sum_{\mathrm{N}\mathrm{o}\mathrm{n}}\frac{im_{k}}{im\cdot\omega}\hat{V}_{m}tei(m+n)\cdot\beta$
$-. \sum_{n\cdot \mathrm{N}\mathrm{o}\mathrm{n}m.{\rm Res}}.\sum\frac{im_{k}}{in\cdot\omega}\hat{V}_{m}eim\cdot\beta(t-\frac{1}{in\cdot\omega})e^{in\cdot\theta^{(}}0)$
$- \sum_{m+n\cdot \mathrm{N}\mathrm{o}\mathrm{n}m\cdot \mathrm{N}}..\sum\frac{im_{k}}{i(m\cdot\omega)(i(m+r\prime)\cdot\omega)}\mathrm{o}\mathrm{n}.\hat{V}_{m}ei(m+n)\cdot\theta(0)$
(34)
$\sum_{n}\int dt\theta_{k}^{(1)}e^{i}n\cdot\theta^{(}0)=.\sum_{n\cdot{\rm Res}}.\sum_{m\cdot{\rm Res}}\frac{\partial\hat{V}_{m}}{\partial I_{k}}ei(m+n)\cdot\beta\frac{t^{2}}{2}$
$+ \sum_{m+n\cdot{\rm Res}}..\sum_{m\cdot \mathrm{N}_{0}\mathrm{n}}\frac{1}{im\cdot\omega}\frac{\partial\hat{V}_{m}}{\partial I_{k}}te^{i}(m+n)\cdot\beta$















$\frac{d\alpha_{j}}{dt}(t)=-\epsilon.\sum in\cdot{\rm Res} nj\hat{V}n(\alpha)e^{i\beta}n$
.
$+ \epsilon^{2}\sum_{k=1}^{N}\sum_{m+n\cdot{\rm Res} m}..\cdot\sum_{\mathrm{o}\mathrm{N}\mathrm{n}}\frac{in_{j}}{im\cdot\omega}[im_{k}\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}\hat{V}_{mk}-in\hat{V}_{n^{\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}}}]e^{i()\cdot\beta}m+n$
(36)
$\frac{d\beta_{j}}{dt}(t)=\epsilon.\sum n.{\rm Res}\frac{\partial V_{n}}{\partial\alpha_{j}}(\alpha)ein\cdot\beta$
$- \epsilon^{2}\sum_{k=1m}^{N}\sum..\sum_{m+n\cdot{\rm Res}\cdot \mathrm{N}_{\mathrm{o}\mathrm{n}}}\frac{1}{im\cdot\omega}[im_{k^{\frac{\partial^{2}\hat{V}_{n}}{\partial\alpha_{k}\partial\alpha_{j}}\hat{V}_{m}-}}ink\frac{\partial\hat{V}_{n}}{\partial\alpha_{j}}\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}]$
$\cross e^{i()\cdot\beta}m+n$ (37)
4.3
$\text{ }$ $\text{ }$
$m+n:{\rm Res}\Leftrightarrow(m+n)\cdot\omega=0$
$\Leftrightarrow n\cdot\omega=-m\cdot\omega$




$= \frac{1}{2}\sum_{m+n\cdot{\rm Res}}.\{.\sum_{m\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\frac{in_{j}}{im\cdot\omega}[im_{k^{\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}}}\hat{V}_{m}-in_{k}\hat{V}_{n}\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}]$
$+. \sum_{n\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\frac{im_{j}}{in\cdot\omega}[in_{k}\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}\hat{V}n-im_{k}\hat{V}m\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}]\}e^{i(m+n)\cdot\beta}$
$= \frac{1}{2}\sum_{m+n\cdot{\rm Res} m}.\cdot.\sum_{\mathrm{o}\mathrm{N}\mathrm{n}}\frac{i(m_{j}+n_{j})}{im\cdot\omega}[im_{k}\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}\hat{V}m-ink\hat{V}n^{\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}}]e^{i()\cdot\beta}m+n$
$= \frac{\partial}{\partial\beta_{j}}\{\frac{1}{2}\sum_{{\rm Res} m+n}...\sum_{\mathrm{o}m\cdot \mathrm{N}\mathrm{n}}\frac{1}{im\cdot\omega}[im_{k^{\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}}}\hat{V}_{m}-in_{k}\hat{V}n\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}]e^{i(+n)\cdot\beta}\}m$ (38)
(37) $O(\epsilon^{1})$
$\sum_{m+n\cdot{\rm Res}}..\sum_{\mathrm{o}m\cdot \mathrm{N}\mathrm{n}}\frac{1}{im\cdot\omega}[im_{k}\frac{\partial^{2}\hat{V}_{n}}{\partial\alpha_{k}\partial\alpha_{j}}\hat{V}m-ink\frac{\partial\hat{V}_{n}}{\partial\alpha_{j}}\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}]e^{i()\cdot\beta}m+n$
$= \frac{1}{2}\sum_{m+n\cdot{\rm Res}}.\{_{m\cdot \mathrm{N}\mathrm{o}\mathrm{n}}.\sum\frac{1}{im\cdot\omega}[im_{k^{\frac{\partial^{2}\hat{V}_{n}}{\partial\alpha_{k}\partial\alpha_{j}}}}\hat{V}m-ink\frac{\partial\hat{V}_{n}}{\partial\alpha_{j}}\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}]$
$+. \sum_{n\cdot \mathrm{N}\circ \mathrm{n}}\frac{1}{in\cdot\omega}[in_{k}\frac{\partial^{2}\hat{V}_{m}}{\partial\alpha_{k}\partial\alpha_{j}}\hat{V}_{n}-imk\frac{\partial\hat{V}_{m}}{\partial\alpha_{j}}\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}]\}e^{i(n)}m+\cdot\beta$
$= \frac{1}{2}\sum_{m+n\cdot{\rm Res} m\cdot \mathrm{N}}..\sum_{\mathrm{n},- 0}\frac{1}{im\cdot\omega}[im_{k}(\frac{\partial^{2}\hat{V}_{n}}{\partial\alpha_{k}\partial\alpha_{j}}\hat{V}_{m}+\frac{\partial\hat{V}_{m}}{\partial\alpha_{j}}\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}})$
$-in_{k}( \frac{\partial\hat{V}_{n}}{\partial\alpha_{j}}\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}+\frac{\partial^{2}\hat{V}_{m}}{\partial\alpha_{k}\partial\alpha_{j}}\hat{V}_{n}\mathrm{I}]e^{i(m+n})\omega$




$- \frac{\epsilon^{2}}{2}\sum_{m+n.{\rm Res} m}...\sum_{\mathrm{N}\mathrm{o}\mathrm{n}}\sum\frac{1}{im\omega}k=1N..[im_{k}\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}\hat{V}_{mk}-in\hat{V}_{n^{\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}]}}e^{i(m+n)\cdot\beta}\}$ (40)
$\frac{d\beta_{j}}{dt}(t)=\frac{\partial}{\partial\alpha_{j}}\{\epsilon.\sum_{n\cdot{\rm Res}}\hat{V}_{n}(\alpha)ein\cdot\beta$
$- \frac{\epsilon^{2}}{2}\sum_{m+n\cdot{\rm Res}}.\cdot\sum_{m.\mathrm{N}\mathrm{o}\mathrm{n}}\sum\frac{1}{im\cdot\omega}k=1N[im_{k^{\frac{\partial\hat{V}_{n}}{\partial\alpha_{k}}\hat{V}_{mk}}}-in\hat{V}_{n^{\frac{\partial\hat{V}_{m}}{\partial\alpha_{k}}]}}e^{i(+n)\cdot\beta}\}m$ (41)
$H^{\mathrm{R}\mathrm{G}}( \alpha, \beta)=\epsilon.\sum n\cdot{\rm Res}\hat{V}_{n}(\alpha)e^{i\beta}n$
.






q-RG $(I, \theta)- \mathrm{R}\mathrm{G}$
q-RG $O(\epsilon^{2})$ $O(\epsilon^{2})$
5.1 q-RG $O(\epsilon^{2})$
$\frac{d^{2}q_{j}^{(2)}}{dt^{2}}+q_{i}(2)=-\sum_{1k=}^{N}\frac{\partial^{2}V}{\partial q_{k}\partial q_{j}}q_{k}(1)$ (43)
53
$q_{j}^{(2)}= \int^{t}d_{S\mathrm{s}}\mathrm{i}\mathrm{n}(t-s)[-\sum_{k=1}^{N}\frac{\partial^{2}V}{\partial q_{k}\partial q_{j}}(S)q^{(1}k)(s)]$ (44)
$N=2$ $[\cdot]$
$(F_{j}s+G_{j})e^{is}+\mathrm{C}.\mathrm{C}.$ ( $\mathrm{c}\mathrm{o}\mathrm{m}_{\mathrm{P}^{1\mathrm{x}}}\mathrm{e}$ conjugate) (45)
$F_{j}$ $O(\epsilon^{1})$ $c_{j}$
$O(\epsilon^{2})$





5.2 $(I, \theta)- \mathrm{R}\mathrm{G}$ $O(\epsilon^{2})$
$I_{j}^{(2)}.=- \sum_{k=1}N[\frac{\partial^{2}V}{\partial I_{k}\partial\theta_{j}}I_{k}^{()}+1\frac{\partial^{2}V}{\partial\theta_{k}\partial\theta_{j}}\theta(1)]k=F_{j}^{(I)}t+G_{j}(I)+\mathrm{o}\mathrm{t}\mathrm{h}\mathrm{e}\mathrm{r}\mathrm{S}$
(47)







q-RG $\text{ }t^{2}$ $O(\epsilon^{1})$




q-RG $(\dot{I}, \theta)- \mathrm{R}\mathrm{G}$ 1 $O(\epsilon^{1})$
$O(\epsilon^{2})$ $t$
q-RG $\int^{t}d_{S\mathrm{s}}\mathrm{i}\mathrm{n}$ ($t$ –s) $\cross$ [ ](s) (49)
$(I, \theta)- \mathrm{R}G$ $\int^{t}ds$ l $\cross$ [ ](s) (50)






1: q-RG $(I, \theta)- \mathrm{R}\mathrm{G}$ $O(\epsilon^{2})$ $O(\epsilon^{1})$
$(\star)$
6
4 $\text{ }$ .






$I_{j}=I_{j}^{*}+ \epsilon\{I*, Sj\}+\frac{\epsilon^{2}}{2}\{\{I_{j}*, s\}, s\}$ (52)
$\theta_{j}=\theta_{j}^{*}+\epsilon\{\theta^{*}, S\}j+\frac{\epsilon^{2}}{2}\{\{\theta_{i}^{*,s\}}, S\}$ (53)
$\{\cdot, \cdot\}$
$\{f, g\}:=\sum_{=k1}^{N}\frac{\partial f}{\partial\theta_{k}^{*}}\frac{\partial g}{\partial I_{k}^{*}}-\frac{\partial f}{\partial I_{k}^{*}}\frac{\partial g}{\partial\theta_{k}^{*}}$ (54)
$s$ $\epsilon$
$S=s_{1}(I*, \theta^{*})+\epsilon s2(I^{*}, \theta*)+\cdots$ (55)
$\epsilon$





$<\text{ }>_{\mathcal{T}}$ $H_{0}^{*}$ $\tau$
$F_{2}:= \{V, S1\}+\frac{1}{2}\{\{H_{0}, s_{1}\}, s_{1}\}$ (60)
$S_{1}= \int d_{\mathcal{T}}(V-<V>_{\mathcal{T}})$ (61)
$S_{2}= \int d\tau(F_{2}-<F_{2}>_{\tau})$ (62)
56
6.2














$S_{1}= \int d\tau(V(I*, \theta*)-<V(I^{*}, \theta^{*})>_{\tau})$





$\{V, S_{1}\}=\sum_{1k=}^{N}\sum n[\frac{\partial(\hat{V}_{n}e^{in\cdot\theta^{*}})}{\partial\theta_{k}^{*}}\frac{\partial S_{1}}{\partial I_{k}^{*}}-\frac{\partial(\hat{V}_{n}e^{in\cdot\theta^{*}})}{\partial I_{k}^{*}}\frac{\partial S_{1}}{\partial\theta_{k}^{*}}]$
$= \sum_{k=1}^{N}\sum.\sum_{mn\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\frac{1}{im\cdot\omega}[in_{k}\hat{V}_{n}\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}}-im_{k}\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}\hat{V}m]e^{i()}m+n\cdot\theta^{*}$ (68)
$\{\{H_{0},$ $S_{1}\},$ $S_{1}\}$
$=- \sum_{k=1}N[\frac{\partial}{\partial\theta_{k}^{*}}(.\sum_{n\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\hat{V}_{n}e^{in\cdot\theta^{*)\frac{\partial S_{1}}{\partial I_{k}^{*}}-\frac{\partial}{\partial I_{k}^{*}}}}(.\sum_{n\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\hat{V}ne^{i}n\cdot\theta*)\frac{\partial S_{1}}{\partial\theta_{k}^{*}}]$
$= \sum_{nk=1}^{N}..\sum_{\mathrm{o}\mathrm{N}\mathrm{n}}.\sum_{m\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\frac{1}{im\cdot\omega}(im_{k^{\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}}}\hat{V}_{mk}-in\hat{V}_{n^{\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}}}})e^{i(+n})m\theta*$ (69)
$F_{2}= \{V, S_{1}\}+\frac{1}{2}\{\{H_{0}, s_{1}\}, s_{1}\}$
$= \frac{1}{2}\sum_{k=1n}^{N}..\sum_{\mathrm{N}\circ \mathrm{n}m\cdot \mathrm{N}\mathrm{n}}.\sum_{\text{ }}\frac{1}{im\cdot\omega}(in_{k}\hat{V}_{n}\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}}-im_{k}\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}\hat{V}m)e^{i()}m+n\cdot\theta^{*}$
$+ \sum_{k=1}^{N}.\sum_{n\cdot{\rm Res}}.\sum_{m\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\frac{1}{im\cdot\omega}(in_{k}\hat{V}_{n}\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}}-imk\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}\hat{V}_{m})e^{i()}m+n\cdot\theta^{*}$ (70)
$m$ :Non $n$ : ${\rm Res}\Rightarrow m+n$ :Non
$H_{2}^{*}$ 2
$H_{2}^{*}=<F_{2}>_{\tau}$





$\cross(in_{k}\hat{V}_{n^{\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}}}}-im_{k}\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}\hat{V}_{m)}e^{(}im+n)\cdot\theta^{*}$ (72)
6.3








$\cross(in_{k}\hat{V}_{n}\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}}-imk^{\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}}\hat{V}_{m})e^{i()}m+n\cdot\theta^{*}$ (74)






$\theta_{j}$ $0$ $\Omega_{j}=\omega_{j}$ $\theta_{j}$
$\bullet(I, \theta)-\mathrm{R}\mathrm{G}$ $I_{j}$ , $\theta_{j}$
$(I, \theta)- \mathrm{R}\mathrm{G}$ $O(\epsilon^{2})$
$I_{j}= \alpha_{j}-\epsilon.\sum_{\circ n\cdot \mathrm{N}\mathrm{n}}\frac{in_{j}}{in\cdot\omega}\hat{V}_{n}(\alpha)e^{in}.(\omega t+\beta)$
$+ \epsilon^{2}[-\sum_{k=1n\cdot \mathrm{N}\mathrm{o}\mathrm{n}}^{N}.\sum..\sum_{{\rm Res} m}\frac{in_{j}}{(in\cdot\omega)^{2}}(im_{k}\frac{\partial\hat{V}_{n}}{\partial I_{k}}\hat{V}_{m}-ink\hat{V}n^{\frac{\partial\hat{V}_{m}}{\partial I_{k}})\omega}e^{i}(m+n)\cdot(t+\beta)$
$+ \sum_{k=1+}^{N}\sum_{mn.\mathrm{N}_{\mathrm{o}\mathrm{n}}m}...\sum_{\mathrm{N}\mathrm{o}\mathrm{n}}\frac{in_{j}}{(im\cdot\omega)(i(m+n)\cdot\omega)}$
$\cross(im_{k^{\frac{\partial\hat{V}_{n}}{\partial I_{k}}\hat{V}-i\hat{V}\frac{\partial\hat{V}_{m}}{\partial I_{k}}}}mn_{k}n)e^{i(m+n)\cdot(}\omega t+\beta)]$
(76)
$\theta_{j}=\omega_{j}t+\beta_{j}(t)+\epsilon.\sum_{n\cdot \mathrm{N}_{0}\mathrm{n}}\frac{1}{in\cdot\omega}\frac{\partial V_{n}}{\partial I_{j}}(\alpha)e^{i(+}n\cdot\omega t\beta)$
$+ \epsilon^{2}[\sum_{k=1n}^{N}..\sum_{\circ \mathrm{N}\mathrm{n}}.\sum_{m\cdot{\rm Res}}\frac{1}{(in\cdot\omega)^{2}}(im_{k^{\frac{\partial^{2}\hat{V}_{n}}{\partial I_{k}\partial I_{j}}\hat{V}_{m}-}}ink^{\frac{\partial\hat{V}_{n}}{\partial I_{j}}\frac{\partial\hat{V}_{m}}{\partial I_{k}}})e^{i(m+n)\cdot(\omega t+\beta)}$
$- \sum_{1k=m+}^{N}\sum_{n\cdot \mathrm{N}\mathrm{o}\mathrm{n}}..\sum_{m\cdot \mathrm{N}\mathrm{o}\mathrm{n}}\frac{1}{(im\cdot\omega)(i(m+n)\cdot\omega)}$









$+ \epsilon^{2}[\sum_{k=1}^{N}.\sum_{m\cdot \mathrm{N}_{\mathrm{o}\mathrm{n}}}(\frac{1}{2}\sum_{\mathrm{N}_{\mathrm{o}\mathrm{n}}m+n:\mathrm{N}\mathrm{o}\mathrm{n},n:}+\sum m+n.\cdot \mathrm{N}\mathrm{o}\mathrm{n})\overline{(im}$. $\omega)(i(i( _{j}+nj)m+ $ . $\omega)$
$\cross(im_{k}\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}\hat{V}m-jn_{k}\hat{V}n\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}})e^{i()}m+n\cdot\theta^{*}$
$+ \frac{1}{2}\sum_{k=1m}^{N}.\cdot\sum_{\mathrm{N}\circ \mathrm{n}n}..\sum_{\mathrm{N}\mathrm{o}\mathrm{n}}\frac{im_{j}}{(im\cdot\omega)(in\cdot\omega)}(jm_{k^{\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}\hat{V}-i}}mkn\hat{V}_{n^{\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}})i}}e^{(n}m+)\cdot\theta^{*]}$
(78)
1 $\partial\ovalbox{\tt\small REJECT}$
$\theta_{j}=\theta_{j}^{*}+\epsilon n.\cdot \mathrm{N}\sum_{\mathrm{o}\mathrm{n}}\overline{in\cdot\omega}.\frac{Vn}{\partial I_{j}^{*}}(\perp I^{*})e^{in}.\theta_{\mathrm{j}}*$
$+ \epsilon^{2}\{-\sum_{k=1m}^{N}.\cdot\sum_{\mathrm{N}_{\mathrm{o}\mathrm{n}}}(\frac{1}{2}\sum_{\text{ }m+n:\mathrm{N}\mathrm{n},n:\mathrm{N}_{\mathrm{o}\mathrm{n}}}+\sum_{\mathrm{N}_{0}m+n\cdot \mathrm{n}}.1\frac{1}{(im\cdot\omega)(i(m+n)\cdot\omega)}$
$\cross[im_{k}(\frac{\partial^{2}\hat{V}_{n}}{\partial I_{k}^{*}\partial I_{j}^{*}}\hat{V}_{m}+\frac{\partial\hat{V}_{n}}{\partial I_{k}^{*}}\frac{\partial\hat{V}_{m}}{\partial I_{j}^{*}})-in_{k}(\frac{\partial\hat{V}_{n}}{\partial I_{j}^{*}}\frac{\partial\hat{V}_{m}}{\partial I_{k}^{*}}+\hat{V}_{n}\frac{\partial^{2}\hat{V}_{m}}{\partial I_{k}^{*}\partial I_{j}^{*}})]e^{i()}m+n\cdot\theta^{*}$








$tarrow\infty$ $t$ $tarrow\infty$ $t$
$\Omega_{j}^{\mathrm{c}\mathrm{P}}(I*, \theta_{0}^{*}0)=\lim\underline{\theta_{j}^{*}(t)}$ (81)
$tarrow\infty$ $t$





(42) (73) $(I^{*}, \theta^{*})$
$H^{*}(I^{*}, \theta^{*})$
$H^{*}(I^{*}, \theta^{*})=H_{0}(I^{*})+H^{\mathrm{R}}\mathrm{G}(I^{*}, \theta*)$ (84)
$\Omega_{j}^{\mathrm{R}\mathrm{G}}$ $\Omega_{j}^{\mathrm{C}\mathrm{P}}$ - (76)$-(79)$
$O(\epsilon^{1})$ $O(\epsilon^{2})$ $e^{in\cdot\theta^{(0})},e^{(m}i+n$ )
$\cdot\theta^{(0}$) (85)
$I,$ $\theta$ -
$I,$ $\theta$ - (85)









$\theta_{0}=\beta_{0}+\epsilon g^{(}(1)\alpha_{0},$ $\beta_{0})+\epsilon^{2}g^{(2)}(\alpha 0, \beta_{0})+\ldots$
62







$\Omega(\alpha_{0},$ $\beta_{0})=\omega+\epsilon\Omega^{(}1)(\alpha 0,$ $\beta_{0})+\epsilon\Omega(2)(\alpha 0,$ $\beta_{0})+\ldots$
$=\omega+\epsilon\Omega^{(1})(\alpha+0\epsilon\alpha^{(1)}0’\beta_{0}^{()}+\epsilon\beta 0)(0)0(1)\Omega(2)(\alpha_{0}(0+),$ $\beta 0(0))+o(^{3}\epsilon)$
(88)





















3 $O(\epsilon^{2})$ $q(t)$ 4 symplec-
$\mathrm{t}\mathrm{i}\mathrm{c}$ integrator [19] 1
$(I, \theta)- \mathrm{R}G$
-
















1: 3 (a) q-RG
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